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Disclaimer

Al am not the event supervisor

A | do not know what the event supervisor will
cover

Al am not a Materials Chemist
Al am an Organic Chemist



Properties of Materials (Materials
Chemistry)

A Evaluating the intermolecular forces of
materials

I Crystal structure

Alonic, covalent, crystalline, sefoiystalline, amorphous
A Cubicg FCC, BCC, HCP, simple cubic

I Surface chemistry
ASurface tension

AContact angle
AThickness of a molecule or film



Properties of Materials (Materials
Chemistry)

A Evaluating the mechanical performance of
materials

I Visual

| Stiffness

I Yield strength
| Surface area/volume ratio
I Creep rate

I Viscosity



Resources

A soinc.org

A AP Chem textbook, chapters on bonding,
liguids and solids

A Materials Science textbook

A http://www.uwstout.edu/chemistry/scienceol
ympiad.cfm

A The internet, search key words



http://www.uwstout.edu/chemistry/scienceolympiad.cfm
http://www.uwstout.edu/chemistry/scienceolympiad.cfm

. Types of Materials

¢ Strong, ductile
¢ High thermal & electrical conductivity
¢ Opaqgue, reflective.

w Polymers/plasticsCovalent bondingy &8 KIF NAy 3 2F SQa
¢ Soft, ductile, low strength, low density
¢ Thermal & electrical insulators
¢ Optically translucent or transparent.

w Ceramicsionic bonding (refractoryg compounds of metallic & nen
metallic elements (oxides, carbides, nitrides, sulfides)

¢ Brittle, glassy, elastic
¢ Nonconducting (insulators)



The Materials Selection Process

1. Pick Application ——= Determine required’roperties

Properties: mechanical, electrical, thermal,
magnetic, optical, deteriorative.

2. Properties — ldentify candidateViaterial(s)
Material. structure, composition.

3. Material — Identify requiredProcessing

Processing: changsfructureand overalkhape
ex: casting, sintering, vapor deposition, doping
forming, joining, annealing.



ELECTRICAL
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5F J.O. LindeAnn Physils, 219 (1932); and
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THERMAL

W { L) OS { Kdzidt S ¢ A fwSEeinal Conductivity

-- Silica fiber insulation of Copper:
offers lowheat conduction -- It decreases when
you add zinc!
Adapted from chapter
opening photograph,
Chapter 17Callister & .
Rethwisch 3¢g(Courtesy of é‘ 400
Lockheed = |
Missil ds O
ey S 300 )
C 1
SE 200f |
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Composition (wt% Zinc)
é Adapted from Adapted from Fig. 19.4allister & Rethwisch 8e.

Fig. 19.4WCallister 6e. (Fig. 19.4 is adapted froMetals Handbook:

(Courtesy of Lockheed Properties and Selection: Nonferrous alloys and Pure
Aerospace Ceramics Metals, Vol. 2, 9th ed., H. Baker, (Managing Editor),
Systems, Sunnyvale, CA) American Society for Metals, 1979, p. 315.)

> |} ',’/ ‘\.
¢ \ £
{ (Note "W" denotes fig.

P USHAS

< 100mMm > 9




MAGNETIC

(D Magnetic Permeability
vs. Composition:

w Magnetic Storage
-- Recording medium

s magnetized by -- Adding 3 atomic % Si
recording head. makes Fe a better
recording medium!
Vread Write head .
Main pole
S Fe+3%Si
Read head -
%ﬁ g
g -
P Wi soft O
underlayer (@

Magnetic Field

Adapted from C.R. Barrett, W.D. Nix, and
Fig. 20.23Callister & Rethwisch 8e. A.S. Tetelmanlhe Principles of
Engineering MaterialsFig. 17(a), p. 9,
1973. Electronically reproduced

by permission of Pearson Education, Inc.,
Upper Saddle River, New Jersey.

Return pole Fqu line
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- OPTICAL

-- Aluminum oxide may be transparent, translucent, or
opaque depending on the material structure.

polycrystal: polycrystal:
single crystal low porosity high porosity
AN’ “\\,\.‘—\;\

- -‘\ -
A .\\\\—/ g o}
A ) @ . - k
. 7 A\SY

- = \_)L' Ay e Adapted from Fig. 1.2,
AL RGP\ 2 ~ OV Callister & Rethwisch 8e.
oy e \.s) - (Specimen preparation,
\ﬁ\\\/ v .
" A P.A. Lessing; photo by S.
< \:\
3 Tanner.)
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DETERIORATIVE

w {0Nbaa Ftdgd 0 GNIMBP Slowds: G YSydy

-- causes cracks!

Adapted from chapteopening photograph, Chapter
16, Callister & Rethwisch 3e.

(from Marine Corrosion, Causes, and Prevention
John Wiley and Sons, Inc., 1975.)

crack speed In salt water!
@ 1084 & -k €
S GKSER I
8 B 16Q°C for 1Ahr i
) 0STF2NB (Saday
%10-10 - Alloy 7178 tested in
¢ saturated aqueous NacCl
&) solytion at 23°
S N s il R Y
o Increasing load

Adapted from Fig. 11.20(b), R.W. Hertzberg, "Deformation and Fracture
Mechanics of Engineering Materials" (4th ed.), p. 505, John Wiley and
Sons, 1996. (Original source: Markus O. Speidel, Brown Boveri Co.)

-- material:

7150T651 Al "alloy"
(Zn,Cu,Mg,Zr)

Adapted from Fig. 11.26, v A8 :
Callister & Rethwisch 8@rovided courtesy of G.H. Narayanan
and A.G. Miller, Boeing Commercial Airplane Company.)
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lonic Bonding
W hOOdzNER o6iBM8.6SSY b I YR
wRequireslectron transfer.
W [ NHS RAFFSNBYOS Ay StSO
w 9EIFYLX SY bl /¢

Na (metal) Cl (nonmetal)
unstable unstable

electron
Na (cation) - Cl (anion)
stable Coulombic stable

Attraction
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lonic Bonding

A Energyc minimum energy most stable
I Energy balance dfttractiveandrepulsiveterms

A B
E=E+tR= - —+ 5
+ I I
W g L Repulsive energl,
> © T
o S
o &
c v : :
T < 0 - Interatomic separatiom
© C \
E ,g Net energyE,
T E
'E.‘ E J{ O Adapted from Fig. 2.8(b),
o ﬂ Callister & Rethwisch 8e.
<T Y
;4— Attractive energyg,
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Covalent Bonding

w similarelectronegativity- share electrons
w bonds determined by valenags & p orbitals dominate bonding
w ExampleCH,

eshared electrons

C: has 4 valenas, CH g4 ® from carbon atom
needs 4 more “\

H: has 1 valence, ® ®
needs 1 more \’v

Electronegativities ®

are comparable.

Adapted from Fig. 2.1@allister & Rethwisch 8e.

15



Materials and Packin

Crystallinematerials...

W FdG2Ya LI O1 AY LISNAZRAOZ NI &

W 0 & LA O dmetadsT Y
-many ceramics

i | ine Si
some polymers crystalline Si®

Adapted from Fig. 3.23(a),
Callister & Rethwisch 8e.

*SI e Oxygen
Noncrystallinematerials...
w ld2ya KIF@gS y2 LISNA2ZRA O 3
W 2 O O dzNJA -complé¥Istructures
-rapid cooling
"Amorphou$ = Noncrystalline noncrystalline Si®

Adapted from Fig. 3.23(b),
Callister & Rethwisch 8e.

Q)¢
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Metallic Crystal Structures

A How can we stack metal atoms to minimize empty
space?
2-dimensions

Now stack these-D layers to make-B structures
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Metallic Crystal Structures
W ¢SYR (2 0S RSyaSfeée LI O]l SRc
W wSEFazya F2NJ RSyasS LI OfAy3a®
- Typically, only one element is present, so all atomic
radii are the same.
- Metallic bonding is not directional.
- Nearest neighbor distances tend to be small in

order to lower bond energy.
- Electron cloud shields cores from each other

«w Have the simplest crystal structures.

We will examine three such structures...



Simple Cubic Structure (SC)

w wl NB RdzS &2 (dnk 4o hasdisisfractured y a A (i &

w Closepacked directionare cube edges.

w Coordination #= 6
(# nearest neighbors)

(Courtesy P.M. Anderson)
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Atomic Packing Factor (APF)

Volume of atoms in unit cell*

APF =
Volume of unit cell

*assume hard spheres

W It C F2NJ I &aAYLIX S OdzoAO adNHzOGdzNB T

volume
T atoms . < atom

a unitcell ™ _ p (0.5) 3

I 3
R=0.0a APFE =
as volume
closepacked directions - anit cell

contains 8 x 1/8 =

1 atom/unit cell

Adapted from Fig. 3.24,
Callister & Rethwisch 8e. 20



w

Body Centered Cubic Structure (BCC

ld2Ya (G2dzOK SIFOK 20KSNJ Ff2y3 OdzmS

--Note: All atoms are identical: the center atom is shaded
differently only for ease of viewing.

(Courtesy P.M. Anderson)

ex: Cr, W, Fa(), Tantalum, Molybdenum
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Adapted from Fig. 3.2,
Callister & Rethwisch 8e.

2 atoms/unit cell: 1 center + 8 corners x 1/8
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Atomic Packing Factor: BCC

W | t C -FEehthikdlcubit &trRckure = 0.68

J2a

Closepacked directions:

Adapted from p length = R= J?a

Fig. 3.2(a)Callister &
dlOITIS

4 5 volume

- —~h — 3 a4 —
unit cell 2 : P (\/_ ) ~tom
APF =
3 volume

4 <&

unit cell
22



Face Centered Cubic Structure (FCC

w d2Ya (2dzOK SIFOK 20KSNJ I f2y3 FI1 OS RA
--Note: All atoms are identical: the facentered atoms are shaded
differently only for ease of viewing.

ex: Al, Cu, Au, Pb, Ni, Pt, Ag
w Coordination # = 12

Adapted from Fig. 3. allister & Rethwisch 8e.

(Courtesy P.M. Anderson) 4 atoms/unit cell: 6 face x 1/2 + 8 corners x 1/8
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Atomic Packing Factor: FCC

W | t C -Getdvdd tubidstru@t8re = 0.74
maximum achievable APF

Closepacked directions:
length = R= J?a

Unit cell contains:
6 x1/2 + 8 X1/8
= 4 atoms/unit cell

Adapted from
Fig. 3.1(a),
g:llister & Rethwisch ams 4 . volume
' : 4 _ 2 al4 '+—
unit cell 4 ; P (24 ) ~tom
APF =
3 volume
a” <

unit cell
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A sites

B sites

C sites

Cl/

FCC Stacking Sequence

25



Hexagonal ClosRacked Structure
(HCP)

W L1, oo {GFO1AY3 {SljdzsSyOS

W 05 tNR2SOGAZ2Y W H5 t NRP2SOlA2Y
Top layer

B sites Middle layer

A sites

Bottom layer

Adapted from Fig. 3.3(a),
Callister & Rethwisch 8e.

w [ 22NRAYIFGA2y | Patgmg/unitcell
W 1t C [ nodTtn ex: Cd, Mg, Ti, Zn

wd/a=1.633
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Theoretical Density,

Mass of Atoms in Unit Cell

Density =r = :
Total Volume of Unit Cell
_ nA
VCNA
where n = number of atoms/unit cell

A =atomic weight

V.= Volume of unit cell & for cubic

N, ! @23F RNRB QA ydzYo SNJ
= 6.022 x 18 atoms/mol

27



Theoretical Density,

A Ex: Cr (BCC)
A=52.00 g/mol
R=0.125 nm
n = 2 atoms/unit cell

Adapted from a / a=4R 3 :\[62887 nm
Fig. 3.2(a)Callister &
Rethwisch 8e.
atoms
g
unitcell ™2 5200 w— ~
mol I theoretical =7.18 g/crﬁ
r - r =
a3 6.022x 1023 actual 7.19 g/Cfﬁ
volume v N atoms

unit cell mol
28



Densities of Material Classes

In genera i
r ) r : r Metals/ C(Zser?apmh:::es// Polymers Composites/
metals = = ceramics ~ polymerss.O Alloys i fibers
Why? Based on data in Table B1, Callister
20 —{ o patintm *GFRE, CFRE, & AFRE are Glass,
Metalshave... e e T Carbon, & Aramid FibeReinforced
4 v A Epoxy composites (values based on
w O-b@lﬂﬂ@ 60% volume fraction of aligned fibers
(metallic bonding) 10 SN in an epoxy matr.
;A A — & Steels A
w 2FG8Sy tINBS Hieaea Q. Y aasa
Ceramicdhave... 0,0-\ ° ] ® Titanium
A L o v A o A 4 — e Al oxide
© t5aa RSyas5LLlo] Ay
4 A A OAI a x oGlass fibers
© 2F0Sy tAIKBSNJ S'tYS ¥eRaAr . jr
Polymershave = ®Magnesium e Graphite $aibaon fibers
. « x4 o o3\gone oA mid fibers
w 26 LI O1AYy3 RS)/a)\ue SRET AFRE
(often amorphous) — 3;'BF’LED
w fAIKIGSNI SfSYS:)/Ué o/ Z1 Zhbv
0.5 —
Compositedave... 0.4 — $wood
W AYUSNYSRAIFI 0SgL f dzS 3

Data from Table B.Lallister & Rethwisch, 8e.
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Surface Chemistry

A Surface tension
A Contact angle
A Thickness of a molecule



Surface Tension

A A molecule in the interior of a liquid is
attracted by the molecules surrounding it

Surface




Particles in the bulk of the liquid are pulled in all
directions by intermolecular forces. Particles on the
surface are pulled from below but not from above.
This unbalanced force is the surface tension.

-
~




Surface Tension

A Try to float a tack on water
A Add a drop of soap




Contact Angle

A The contact angle is the angle measured
where a liquid interface meets a solid surface.




Ink Drop

Untreated Fllm\

\

B e N

Contact Angle

R

Ink Drop

Treated Film \4

S T N

Contact Angle

SN N N




Material Performance and
Characterization

A Visual

A Stiffness

AYield strength

A Surface area/volume ratio
A Creep rate

A Viscosity



Microscopic Examination

A Crystallites (grains) and grain boundaries. Vary
considerably in size. Can be quite large.
I ex: Large single crystal of quartz or diamond or Si
I ex: Aluminum light post or garbage cesee the
iIndividual grains
A Crystallites (grains) can be quite small (mm or
less)c necessary to observe with a microscope.



Ptlcal I\/Ilcrosco
J

ATAOIUA2y¢

' 34 ST dz G2 wnnn-

t 2t AAKAY3 NBY20Sa adzNJFIOS TSI (dzNB a

9 OKAY3I OKIy3aSa NBTFiESOuUlIyOoOSs RSLISYR
orientation.

K/ Mlcroscope
Y | 'I"j' Y "' Y )
T T T
LN
f LT

 Polished and
etched surface

crystallographic planes

Adapted from Fig. 4.13(b) and (©allister &

Rethwisch 8¢(Fig. 4.13(c) is courtesy
of J.E. Burke, General Electric Co.)

Micrograph of

; brass (a G&Zn alloy)
e =
Asavie

«— 0.75mm —
38




Grain boundaries...

W
W

Optical Microscopy

g\ofs

‘ pollisﬁed surface

surface groove
grain boundary

Adapted from Fig. 4.14(a) and
(b), Callister & Rethwisch 8e.
(Fig. 4.14(b) is courtesy

of L.C. Smith and C. Brady, the
National Bureau of Standards,
Washington, DC [now the
National Institute of Standards
and Technology, Gaithersburg,
MD].)

I NB )\YLJSNJFSOU)\E)/aZ
I N Y2NB a @' 'M’;m’;c(');) .
to etching, —
YIFe 0S NBJ¢ l |
dark lines, HESAR
OKFyYy3adS Ay (
orientation across
(a)
boundary. P
VoS . /{_‘_
ASTM grain 8¢ =
size number B ¥ A
- .'A“ \"‘//7 .
=2 'j\\/'}”?\;
f . \ﬁ"‘:-i" Z :
number of grains/iA !:%(_:r\a ‘oy/ —
at 100x (b)

magnification
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Incident Retlected
light light
Unetched
polished
mertal
surface

Incident Reflected
light light

Lost
reflections
of light

Etched ~,
surtace

Incident Reflected
light light

Lost
reflections:
Etched of light
surface




Optical Microscopy

A Polarized light

I metallographic scopes often use polarized light
to increase contrast

I Also used for transparent samples such as
polymers



Microscopy

Optical resolution ca. 10m = 0.1mm = 100 nm
For higher resolution need higher frequency
I X-Rays? Difficult to focus.

I Electrons

Awavelengths ca. 3 pm (0.003 nm)
I (Magnification- 1,000,000X)
A Atomic resolution possible
AElectron beam focused by magnetic lenses.



Scanning Tunneling Microscopy
(STM)

Oy 6S INNYY3ISR YR AYl 3ISRH

Photos produced from the
work of C.P. Lutz,
Zeppenfeld, and D.M.
Eigler. Reprinted with
permission from
International Business
Machines Corporation,

copyright 1995.
Carbon monoxide lron atoms arranged on
molecules arranged on a copper (111) surface.
a platinum (111) These Kanji characters
surface. represent the word
Gl G2Y¢®
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X-Ray Diffraction

Electromagnetic Spectrum
1Hz 1kHz 1 MHz Frequency (Hz)

1.0 10° 106 10° 1012 1013 1078 102 10%
T 1

7 1t 1r 1°r ° ©° 1T 1 | |
In#rared Ultraviolet

_ FM,TV
Long Radio Waves Microwaves Visible Light Gamma Rays
AM  short Radio Waves X-Rays

10° 106 10° 1.0 10° 106 10° 1012 1013
Tkm 1m Tum 1Tnm

Wavelength, & (m)
A Diffraction gratings must have spacings comparable to the
wavelength of diffracted radiation.
AllyQi NBlazlgS aLl OAy3a
A Spacing is the distance between parallel planes of atoms.

44



X-Rays to Determine Crystal Structure
L v Oray¥dikifyadfrom crystal planes.

reflections must

\!

\\’{, be in phase for
a detectable signal

extra
distance Adapted from Fig. 3.20,
travelled ( q Callister & Rethwisch 8e
08 6l B8 L@ ——e spacing
R0 d between
° planes
Measurement of critical Xray A
angle,q., allows intensity = L
computation of planar ~ (from 25sin qc
spacingg. detector) K
> {
de
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Elastic Deformation

1. Initial

Elastic means:versibld

2. Small load

o000
@09@honds
'stretch

3. Unload

return to
initial

Linear
elastic

Non-Lineakr

elastic

»d
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Plastic Deformation (Metals)

3. Unload

1. Initial 2. Small load

bonds
stretch
& planes

shear

d .
delastic + plastic Tplastlc

Plastic meansermanent

linear linear

elastic " elastic >d

dplastic
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Engineering Stress

w Tensilestresss: w Shearstressyt:
4; 2%
Area,A, —| AreaA, \\ S
N/ x’// NNNNN ‘
¢ =
i 3 F
— t
R _b, N t=— | F
S=— =— or — Ao
;yAO N M

original area
before loading
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Common States of Stress

w Simpletension: cable =

F</-( 4 0O>F
Ag= cross sectional
area (when unloaded)

F
s=—— s </Hl>s
Ao

Ski lift (photo courtesy
P.M. Anderson)

w Torsion(a form of shear): drive shaft

M F
Ac &S _3 Ao

=S /i

H Note: t = M/ARhere.

)
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OTHER COMMON STRESS STATES

w Simplecompression:

Canyon Bridge, Los Alamos, NM
(photo courtesy P.M. Anderson)

Note: compressive

Balanced Rock, Arches S — structure member
National Park AO
(photo courtesy P.M. Anderson) (S <0 here).
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